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INTRODUCTION 
The semifossorial microtine rodent Microtus pine-
torum or the pine vole is well known as a destructive 
pest in fruit orchards (Hamilton 1935; Benton 1955; 
Burt 1957). The subterranean burrows of the pine vole 
often parallel the roots of apple trees, and damage 
occurs when the rodent gnaws the bark and cambial 
layers oflarge roots and severs smaller roots, occasion-
ally even girdling the tree to more than a foot below 
the surface (Benton 1955; Pearson and Forshey 1978) . 
The economic impact of pine vole damage to apple 
orchards is substantial throughout their range, both 
because of direct losses of fruit trees and because of 
reduced tree vigor and fruit yie lds , size, and grade 
(Pearson and Forshey 1978). The estimated annual 
loss resulting from pine voles in the 14 states in which 
they are abundant is from 40 to 50 million dollars 
(Byers 1974; LaVoie and Tietjen 1978). On several 
farms in New York State, more than 75% of the trees 
have been damaged or killed by pine voles (La Voie and 
Tietjen 1978) . Pine vole damage in 2 severely dam-
aged blocks of apple trees in a Dutchess County, New 
York orchard was estimated by Ralph Lawrence, 
Regional Extension specialist in Fruit Farm ~anage-
ment and Marketing for eastern New York, to have 
resulted in an annual net loss of $946 and $1,128 per 
acre (Smith 1978). 
Pine voles are combatted with poison baits and ground 
sprays, herbicides, cultivation, and mowing. These 
techniques are not totally effective and are often very 
costly and time consuming (Webb and Horsfall 1967; 
Horsfall undated; Horsfall 1972 ; Byers and Young 
1974; Byers and Young 1975: Byers 1978; Caslick and 
Decker 1978 ; Fisher and Anthony 1980) In addition, 
state and federal restrictions on the use of certain 
pesticides and herbicides further limit their value for 
vole control (Baldwin 1962; Forbes 1972; Clark 1976; 
Luttner 1977 ; Ross 1980). Webb and Horsfall (1967) 
and many other authors have also reported numerous 
cases of endrin resistance in pine voles (Hayes et al. 
1975; Petrella et al. 1975; Hartgrove et al. l.977). 
Soil texture is a primary factor limiting the distribu-
tion of some fossorial mammals (Hardy 1945; Miller 
1964; Best 1973) Fisher and Anthony (1980) report 
that soil texture also restricts the distribution of pine 
voles . According to their findings in 4 Pennsylvania 
orchards, pine voles require orchard soils with more 
than 35% gravel, 65% fines, 25-48% sand, less than 
40% silt, and more than 20% clay . This evidence sug-
gests that if similar relationships are found between 
the distribution of pine voles and the texture of soils in 
other geographic areas, soil texture could be used as 
the basis for control of this orchard pest. 
Considerable effort has been devoted to orchard mouse 
research in recent years. This project was designed to 
further explore the interrelationships of soil texture 
and other related factors and the distribution of pine 
voles, as well as µossible management implications, 
especially in New York State, through field observa -
tions, laboratory studies, and an extensive literature 
review . 
METHODS AND MATERIALS 
DESCRIPTION OF STCDY AREAS 
A total of7 orchards were trapped in 4 counties in 
eastern .New York State during the summer of 1981 
(Figure 1). Table 1 includes a description of the study 
orchards and trap sites as well as weather conditions 
prior to and during the trapping periods . 
FIELD AND LABORATORY PROCEDURES 
In Phase I of the project, study orchards were located 
with the aid of county Extension Agents, staff of the 
Cary Arboretum, and Cornell University's Hudson 
Valley Fruit Research Laboratory . Field time was re -
stricted to weekends because of summer employment. 
Based on U.S.D.A. Soil Conservation Service soil sur -
vey maps and air photographs, as well as evidence of 
rodent activity , 5 trap sites were located in each :-'tudy 
orchard . Each trap site consisted of the area within the 
dripline of a single apple tree to a radius of approxi -
mately 1.5 meters . Four Sherman live traps were 
placed in burrows and runways at each trap site he -
tween 6 and 8 PM on the evening of arrival at the 
study orchard . Traps were checked every 12 hours 
throughout a 36-hour trapping period. Field notes 
were kept noting: 1) the number of pine voles captured: 
2) the number and species of other small mammals 
captured ; 3) weather conditions prior to and during the 
trapping period ; and 4) other pertinent information 
1 Current address only. Research reported here was conducted while the author was a student at 
Cornell University . 
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Figure 1. Locations of Study Orchards 
and observations such as pine vole control methods 
used. Discussions with orchard owner/managers pro-
vided additional information . 
The purpose of trapping was to verify the presence or 
absence of pine voles in any particular soil textural 
class . Captured pine voles were collected, labelled, 
and frozen for later study skin preparation . Samples of 
other small mammals trapped were also collected, 
however, most non -microtine mammals were released. 
At each trap site, soil samples were collected using a 
soil auger. Three test holes were augered at each trap 
site. Samples were collected from 0-15 cm , 15-30 cm , 
30-46 cm, 46-61 cm , and 61-76 cm by combining soil 
from those depths from each of the 3 auger holes . Soil 
samples were labelled and stored in plastic bags for 
later particle size analysis. 
A modification of Dower and Olson's ( 1980) pipet 
method of particle size analysis was used to determine 
the U .S.D.A. particle size distribution by weight of all 
soil particles less than 2 mm. The method allows the 
calculation of the percentages of sands (0 .05-2.0 mm), 
silts (0.002-0 05 mm), and clays (less than 0 .002 mm) 
in each soil sample based on the settling rates of dif-
ferent size particles according to Stokes Law (Dower 
and Olson 1980) . Pipetting su;;pended samples at 
specific time intervals and weighing the dry sample 
2 l I 
fractions allows calculation of the relative percentages 
of various particle size ranges ( Dower and Olson 1980) . 
The procedure was modified from that described by 
Dower and Olson (1980) and used in the Cornell Uni-
versity Department of Agronomy, Soil Characteri-
zation Laboratory to facilitate analysis of the large 
number of samples collected. Non-relevant steps, such 
as the filtering ofsoluable salts and the fine clay pro-
cedure were eliminated, and a method was developed 
for more rapid dispersal of clay colloids in a sample. 
The method as described by Dower and Olson (1980) 
required that Calgon treated samples be shaken over-
night in a mechanical shaker . Instead, a sonic cell 
disrupter was used to disperse the Calgon treated 
samples (Protz and Arnaud 1964 ; Edwards and 
Bramner 1964 and 1967; Bourget 1968). The optimum 
setting was found to be 65 to 70 watts for 3 minutes per 
sample on the machine used . 
Because most pine vole activity is restricted to the first 
20 cm of the soil (Benton 1955 ; Forbes 1972: Horsfall 
undated; McAninch, personal communication), and be-
cause of time and cost limitations, only samples from 
0- 15 cm and 15-30 cm were analyzed . This decision is 
supported by the Fisher and Anthony (1980) study in 
which only 0-20 cm samples were analyzed . 
A sample of known particle size distribution was 
included with each set of samples analyzed to serve as 
Table l. Description of study orchards, trap sites, and weather conditions prior to and during trapping periods . 
Study Trap Weather Condition Slope, Aspect, and Estimated Height of Rodent Control Methods Previous history of vole 
Orchard Site Prior to and During Position on Age of Grass at Trap Used problems or signs of 
Trapping Period Landscape Orchard Site activity 
A Rainy periods alter- wp of large flat 35-40 yrs. 0.6mgold - cracked corn history of meadow 
nating with hot, knoll in valley, rod and baited zinc phosphide voles , ~never noticed 
muggy days /cloudy, slope2% , no grasses, apinevole." Nosignsof 
warm, and drizzly significant aspect mowed short pine uole actwity 
during trapping between rows 
A 2 25% slope facing 12 yrs. 
mostly south but 
receives sunshine 
throughout the day 
A 3 1% slope in broad, 12 yrs. 
flat valley 
A 4 2% slope, on top of 12 yrs. many short 
broad flat knoll in (orbs .grasses 
valley , no (0.35 m) near 
significant aspect trunk 
A 5 10% slope,facing 35-40 yrs. 0.85m,num-
slightly north near erous rasp-
top of hill berry plants . 
grasses and 
{orbs 
8 2 Cool , sunny, and 5% slope near base 35 yrs. 15-30cm zinc phosphide baits ~only meadow voles. 
.. 
breezy days with per- of south-facing mowed and no signs of pine voles 
iods of clouds and ridge sprayed at all 
showers; warm and sights 
sunny during trap-
ping, highs near 
27°C, night lows near 
13°C 
8 2 10% slope, higher up 25 yrs. 
on south-facing 
ridge 
8 3&4 top of ridge 35 yrs. 
8 5 5% slope, 5 yrs. 
north aspect 
C 1-5 Sunny, hot , humid, broad, flat, valley 15 -20 yrs. 0.Bmgrass. zinc phosphide baits in only meadow voles. no 






D Hot, sunny, wtth a 20% slope, north +30yrs. 0.8mgrass, zinc phosphide baits occassicn allv severe 
few showers /warm aspect on small ridge (orbs, much meadow vole problems. 
with hard rains poisonwy; currently few rodent s ig ns. 
mowed2-3 No evidence of pine voles. 
times 
D 2 10% slope of north-
facing knoll 
D 3&4 1-2% slope 
D 5 flat 5yrs. ground com- none used this year Numerous burrows & run-
pletely bare ways: rodent damage to 
about 5 trees in the row: 
girdling occurring ;use be-
low the ground. No know/-
edge o(pine voles. 
E 1-5 Hot and sunny 2-8% slope, relatively 40 yrs very short, yes .'vfany pine voles , not much 
throughout, orchard r1at with a few minor mowed and apparent damage 
was spray irrigated slopes herbicide 
on Saturday treated 
F 1-4 Hot , muggy .s cat- 5-8% slope on west- 20 yrs uer_v short, zinc phosphide baits Much evidence o(ptne uoles 
i,ered thunderstorms / facing low hill mowed as currently and meadowuoles. 
warm but drizzly needed H istor _v of uole problems 
(continued on next pai;e 1 
Table 1. (continued). 
Stu dy Trap 
Orchard Site 
Weather Condition 
Prior to and during 
Trapping Period 
Slope, Aspect, and Estimated Height of Rodent Control Methods 
Position on Age of Grass at Trap . Used 
Previous history of vole 
problems or signs of 
activity Landscape Orchard Site 
F(cont .l 5 flat, in valley at 
base of hill 
20-30yrs 0 .6tolm+ , 
no mowing or 
spraying this 
year 
none This block abandoned 
because of damage. Much 
evidence of both pine and 
meadow vole activity. 
G 1-5 Hot during week located in broad , 
f1at valley 
15 & 30 bare under zinc phosphide baits Most trees had some evi-
dence of girdling . About 1 
in 20 in this block severely 
damaged. Historyofboth 
prior to trapping with 
a few showers/warm 
and humid during 
trapping , misty rain 
yrs. younger trees, 
Saturday night 
a procedure and accuracy check as is done by the Soil 
Characterization Laboratory in its textural analysis 
work (F. Ramos, personal communication) . It is 
assumed that as long as the analysis of the known 
sample is the same as the expected results for that 
sa mple, the analyses of the entire set of samples is 
accurate . 
Other research carried out as a part of Phase I of the 
project included a search and review ofliterature on 
pine vole life history, range and distribution, control 
methods, a review of the pine vole study skin collection 
records from the New York State Museum in Albany, 
discussions with Cooperative Extension Agents and 
others working with orchard management and pine 
vole problems in eastern New York State, and further 
analysis of soil characteristics and patterns of distribu -
tion based on published soils data (Lewis and Kinsman 
1929: Secor et al. 1955; Cline 1955, 1960, 1976; Flora 
et al. 1969; Tornes et al. 1974) . 
Limited trapping time combined with occasionally 
unsuitable weather conditions for trapping resulted in 
only moderate trapping success, even in areas with 
considerable evidence of pine vole activity and a long 
history of vole problems , and precludes statistical 
analysis of Phase I of the project . 
Phase II of the project involved a laboratory study of 
pine vole preference for burrowing in soils of different 
te xtural clas ses . Soil samples were collected from 
deposits in central and western New York State . 
Samples were taken from the lower A and upper B 
horizons at each collection site in order to minimize 
the amount of sod, roots , or crop residues present in the 
samples. Particle size analysis of these samples 
follows the previousl y described method . 
After some experimentation with different style ani-
mal chambers , it was decided that a standard 10 gallon 
(37.8 liter) glass aquarium, set up as described in Fig-
~re 2, was of sufficient size to allow pine voles to estab-
lish burrow systems without undue interference from 
walls and partition s or excessive distractions from 
objects on which they might gnaw or use in attempts to 
escape. In addition , this size chamber is relatively 
inexpensive, easy to handle and move about, and 
requires little space . 
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about JO cm 
under older 
trees pine and meadaw vole 
problems. ,Wany burrows 
& other signs of pine voles 
Each compartment was filled to a depth of approxi-
mately 15 cm with 1 of2 textural classes to be tested in 
that trial. Soil samples were compacted by applying 
firm pressure by hand over the entire soil surface in 
each compartment . 
Food and water were placed in each compartment . 
Animal chambers were wrapped with brown paper to 
minimize disturbance of the animals by observers, and 
to reduce the possible effects of shadows or objects out-
side the chambers . Soil moisture was standardized 
using a house plant moisture meter with a moisture 
scale from Oto 8. Indications are that pine voles prefer 
to dig in moist soil (D. Rhodes, personal communica-
tion) . For this reason, soil moisture was maintained 
throughout the experiment at a level giving a reading 
between 7 and 8 on the meter scale, in both compart -
ments of the chamber . 
One pair of animals, from a laboratory colony of ani -
mals maintained by Philip Renzullo , a graduate 
student in the Department of Natural Resources at 
Cornell University, were placed at random in each 
chamber . Observations were recorded at approxi-
mately 12 and 24 hours after the animals were placed 
in the chambers noting the number and location of 
both burrow entrances and digging sites which were 
not burrow entrances, as well as other observations or 
occurrences. For observation and data recording pur -
poses, burrow entrances were defined as holes in the 
soil surface leading to horizontal tunnels beneath the 
surface . Under these controlled laboratory conditions, 
it was felt that the number of burrow entrance s pres-
ent in 1 textural sample versus the number of en-
trances present in the adjacent sa mple is an indicat ion 
of the animals' preference or lack of preference for one 
soil texture over another. 
After each pair of animals was tested, the pair was re-
moved from the chamber . Before introducing another 
pair , the soil in each chamber was remixed, recom -
pacted , and remoistened to the desired level using 
rinse water from pine vole cages . This was done to 
reduce the possibility that animals would be attracted 
to or repelled from 1 compartment more than another 
becau se of food odors or animal scents, or other signs of 
previous activity or presence (Staples and Terman 
Wire hardware cloth over partition allows easy 
movement between compartments and prevents 
Plexiglass partition 
divides chamber into 
two compartments, 
each with a different 
gnawing on the plexiglass 
Food and water 
placed in each compartment 
Filled with 
approximately 
15 cm of soil 
50cm 
E 
" 0 .., 
Figure 2 . Illustration of Animal Chamber 
1977; Gaines et al. 1979 ; Schadler 1980 , 1981 ; Geyer et 
al. 1981; Horsfall undated) . 
Animal pairs were tested only once throughout the 
experiment. A trial was considered invalid if animals 
made no attempt to dig or burrow in either 
compartment. 
In the first set of trials, 13 pairs of animals were tested 
for their preference for burrowing in either a sandy 
loam sample or a silty clay sample. In the second set, 8 
pairs were tested in a sand sample versus a silt loam 
sample. Chi square analysis as described by Glase et 
al. (1979) was used to determine statistical 
significance of the results of the laboratory studies of 
soil preference . 
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Identification of mammals in both Ph ase I and II of the 
project is based on descriptions in Burt and 
Grossenheider (1976) "A Field Guide to the 
:vlammals" . 
RESULTS AND DISCUSSION 
The trapping and particle s ize analysis results of 
Phase I of the project are summarized in Table 2. 1'i ote 
that pine voles were t rapped in only 1 orchard. 
However, as was seen in Table 1, 2 other study 
orchards had evidence of pine vole activity and have 
had a history of pine vole problems as was indicated by 
the owner/managers and by Pam :vliller of Cornell 's 
Hudson Valley Fruit Research Laboratory ( personal 
commun ication) and others . '.'lo pine voles were 
trapped in these orchards, poss ibly becau se of the time 
of year and the weather conditions during which the 
orchards were being trapped . [tis known that the 
activity of pine voles is decreased during the months of 
June, July, and August as well as late November 
through March (Forbes 1972). The hot, dry weather 
conditions during the summer months apparently 
cause seasonal vertical migrations which confine the 
animals to the deeper sections of their burrow systems 
(Benton 1955). Thus they would be less likely to be 
caught in traps in runways or burrows near the 
surface . 
lt is important to note that during the trapping period 
in which a number of pine voles were captured, the 
entire area being trapped was spray irrigated . 
Apparently, this encouraged the animals to come to 
the surface and increased trapping success, because 
only 1 animal was caught before irrigation began. 
Review of textural characteristics of soils from trap 
sites at which pine voles were captured reveals that 
the surface soils at those sites were all within the 
"loam" class as described in U .S.D.A. Soil Conserva-
tion Service (1975) and had particle size distribution 
ranges of from 30 to 48% sand, 37 to 61 % silt, and 9 to 
18% clay . 
:--l"o pine voles were captured in either Columbia 
County or Schoharie County . Discussions with 
numerous fruit growers and Cooperative Extension 
Agents and other working closely with pine voles and 
orchard management indicate that pine voles have not 
become problems in the se counties or in most counties 
of northern, central , and western :--l" ew York State even 
though they are historically distributed throughout 
the State (Figure 3). A comparison of soils throughout 
the State based on Cline 0955, 1960, 1976) does not 
reveal any obvious textural differences which explain 
why pine voles have not become major problems in 
orchards in areas of New York State other than the 
Hudson Valley and a few scattered pockets elsewhere . 
The author is not able to give any explanations for this 
fact other than the possibility that established 
meadow vole populations may interfere with the 
colonization or expansion of pine vole populations.in 
orchards outside the Hudson Valley (Gourley and 
Richmond 1972; Smith 1977) . [tis also possible that 
minor climatic variations are responsible for the 
observed distributional differences . However, much 
additional research is needed to verify either of these 
explanations or to suggest others . 
In Phase ll of the project, under controlled laboratory 
conditions , pairs of pine voles showed a highly signifi-
cant "preference" for burrowing in coarse textured 
soils and moderately coarse textured soils over 
medium to fine textured soils (P 5 0.005 and 0.05, 
respectively). Table 3 summarizes the results of Phase 
!I of the project. 
Soil texture is an important physical property for a 
number of reasons . The texture of a soil horizon is its 
most permanent characteristic. Also, soil texture is 
important because of its influence on soil structure 
(the aggregation of primary particles into compound 
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particles, or clusters of primary particles, which are 
separated from each other by surfaces of weakness 
[U .S.D.A . S.C.S. 1975]) . Soil texture also influences 
many other soil properties including drainage, fertil-
ity, productivity, moisture holding capacity, rates of 
water infiltration, and soil consistence (the attr:butes 
of soil material that are expressed by the degree and 
kinds of cohesion and adhesion or by the resistance to 
rupture or deformation) (U.S .D.A. S.C .S. 1975). Ulti-
mately soil texture, in combination with numerous 
other physical, chemical, biological, and climatic 
factors, determines what will live on and in the soil. 
As with any soil characteristic, no direct relationship 
that can be applied to all soils exists between soil tex-
tural class and fertility, productivity, or other inferred 
qualities of the soil (U .S.D.A. S.C.S . 1975) . However, 
while such relationships cannot be applied every-
where, it is generally assumed that, at least for the 
podzolized soils of the temperate forested regions of 
North America, certain generalizations may hold true . 
Specifically, many sandy soils are somewhat droughty 
and may be relatively loose and structureless unless 
sufficient organic matter or clays or other cementing 
materials are present to maintain good structure. The 
presence of silt and especially clay in a soil tends to 
slow water and air movement if a soil is poorly aggre-
gated (Brady 1974). Fine-textured soils are often 
highly plastic, becoming sticky when too wet, and hard 
and cloddy when dry unless properly handled (Byrnes 
et al. 1981). Generally, the water holding capacity of 
clayey and silty soils is high (Brady 1974) . 
Because of their relati velv even mixture of different 
grades of sand , silt, and clay, and the resulting mix -
ture of properties imparted by this mixture of soil 
separates, such as good structural stability, high 
natural fertility, and good moisture holding capacity , 
most soils of agricultural importance are some type of 
loam (Brady 1974). This is significant because the 
same combination of properties which make loamy 
soils ideal for agricultural uses, including fruit 
production, makes them ideally suited for fossorial 
animals including Microtus pinetorum 
Figure 4, excerpted from Soil Taxonomv (C.S. D.A. 
S.C.S. 1975), defines the basic soil textural classes in 
graphic form. It also provides a convenient means of 
display:ng the ranges of textures found to be suitable 
for pine voles. 
Fisher and Anthony (1980) report that "pine voles 
appear to require more than 35% gravel, less than 65% 
fines, 25-48% sand, more than 20% clay, and less than 
40% silt." [n the textural analysis procedure used in 
both Phase I and [I of this study, gravel and other 
coarse fragments greater than 2 mm were screened out 
of the air -dried samples in a #10 soil sieve. The per-
centage of gravel was not determined in my study . 
Thus, [ will be comparing only the sand, silt, and clay 
ranges reported in the Fisher and Anthony study with 
the ranges found suitable in this study . 
Figure 5 shows that the textural ranges as reported by 
Fisher and Anthony center around the clay loam, clay, 
Table 2. Summary of trapping results and soil analyses of samples collected from trap sites in 7 study orchards in 
eastern New York State. 
Study Orchard Trap Site Mammals Trapped No. of Animals Particle Size USDA Soil Texture 
Trapped Analysisa 
A Al Microtus pennsylvanicusb 1 21%Sand silty loam 
Sunnycrest Peromyscus leucopusC 3 70%Silt 
Orchards 9%Clay 
A2 Microtus pennsylvanicus 2 15%Sand silty clay loam 
Peromyscus leucopus 1 57% Silt 
Blarina brevicaudad 1 28%Clay 
A3 Microtus pennsylvanicus 3 19%Sand silty cla_v loam 
61% Silt 
20%Clay 
A4 Microtus pennsylvanicus 1 36%Sand loam 
Blarina brevicauda 2 43% Silt 
21%Clay 
AS Microtus pennsylvanicus 1 14%Sand silt loam 
Blarina brevicauda 2 64%Silt 
22%Clay 
B Bl Sorez cinereuse 24%Sand cla_vloam 
Sharon 48% Silt 
Orchards 28%Clay 
82 8/arina brevicauda 26%Sand silt loam 
58% Silt 
16%Clay 
83 Blarina brevicauda 2 26%Sand silt loam 
51%Silt 
23%Clay 
84 none 18%Sand silt loam 
56%Silt 
26%Clay 
85 Microtus pennsylvanicus 1 31%Sand silt loam 
Blarina brevicauda 2 58% Silt 
I 1% Clay 
C Cl Peromyscus leucopus l1%Sand silt loam 
Bohringer 69%Silt 
Fruit Farm 20%Clay 
C2 Microtus pennsylvanicus 12%Sand silt loam 
67% Silt 
20%Clay 
C3 none 18%Sand silt loam 
63%Silt 
19% Clay 
C4 none 14% Sand silt loam 
68%Silt 
18%Clay 
cs Peromyscus leucopus 27%Sand silt loam 
56 % Silt 
17% Clay 
D D1 Peromyscus leucopus 2 .11%Sand silt loam 
Sherman Pott's 54% Silt 
Orchard 15% Clay 
D2 Microtus pennsylvanicus 32%Sand .silt loam 
55% Silt 
13% Clay 
03 none 18%Sand silt loam 
66% Silt 
16% Clay 
04 rivne 34%Sand silt loam 
52%Silt 
14% Clay 
05 Microtu.s pennsylvanicus 28%Sand silt loam 
60% Silt 
12%Clay 
I continued on next pa~e 1 
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a Only Particle Size Analysis results for samples from 0-15cm are reported here . Analysis results for samples from 15-30cm were close 
enough to these results to warrant not reporting them. 
b :'Yleadow Vole c White-footed Mouse d Shorttail Shrew e Masked Shrew f Pine Vole 
sandy clay, loam, and sandy clay loam regions of the 
textural triangle. From this it is clear that, while 
there is an obvious preference for "sandy" soils, there 
must be sufficient amounts of clay and/or silt present 
for the soils to maintain suitable structure and 
adhesiveness to prevent burrows from coilapsing, 
especially when the soil is dry. This conclusion is 
substantiated by an observation from my own labora-
tory studies. 
At the end of the final set of trials in Phase II, I left the 
animals in the animal chamber for a few extra davs. 
They were provided with food and water; howeve~, the 
soils in the chambers were not re-moistened . r--;o 
2'.!0 
additional burrowing activity was observed. After 3 
days it was evident that most of the burrows in the 
sandfilled compartments had collapsed. When the 
animals were removed from the chambers, 1 animal in 
each compartment was found dead in the bottom of the 
sand compartment. While the death of the study 
animals is regrettable, it does provide additional 
evidence of the need for soil stabilizing agents such as 
clays, silts, or organic matter in order for burrows to 
remain intact. 
The textural ranges of soils in which pine voles were 
captured in this project are 29-48% sand, less than 63% 
silt, and greater than 6% clay. This distribution of 
primary particles centers around the loam area and 
extends in the clay, clay loam, silt loam, sandy clay 
loam, sandy clay, and sandy loam regions of the 
triangle (Figure 6). If these ranges are expanded to 
include the particle size distribution of the samples 
from the 2 other orchards in which pine vole activity 
was observed but no pine voles were captured, the 
range of soil textures apparently suitable for pine 
voles may be expanded to 22-48% sand, less than 73% 
silt, and greater than 5% clay . This range is based on 
both the 0-15 cm and 15-30 cm soil samples from all 3 
orchards in which pine voles were either captured or 
there were signs and a history of pine vole activity . As 
is apparent, this represents a considerable expansion 
from the ranges of sands, silts, and clays reported by 
Fisher and Anthony (1980) as suitable for pine voles. 
Under the controlled laboratory conditions of Phase II 
of this project, pine voles were capable of burrowing in 
' ' 
Major Apple Producing Areas in NY 
soils with even higher percentages of sand . However, 
there appears to be an upper limit on the percentage of 
sand allowable between 70 and 85% since, even though 
the voles burrowed in moist soil with 87% sand, the· 
burrows in this soil collapsed as the soil dried . Under 
field conditions, such a sandy soil might be held to-
gether somewhat by roots and other binding materials, 
however, such soils would still not be likely to be well 
suited for pine voles and in fact might only marginally 
suitable for apple production because of their probable 
susceptibility to drought . The upper limit for the sand 
fraction is probably near 75% . [n any case, based on 
the findings of Fisher and Anthony ( 1980) and the 
results of this study, soils with textures as represented 
in Figure 6 are likely to be the most suitable for pine 
voles . In addition, within the limits represented, as 
might be expected for a small, semi-fossorial rodent 
such as the pine vole, the sandy end of the range see ms 
1 
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Figure 3 . Major apple produc ing areas and the current distribution of the rwrthern pine vole, Microtus pinetorum scalopsordes , in New Yurk 
State (based on Forbes 1972). 
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Table 3. Summary of results of laboratory studies of pine vole preferences for burrowing in different soil textures. 
Trial No. of Valid Pairsa Soil Texture Particle Size No. of Burrow No. of Unsuccessful 
Analysis Entrances Burrowing Attempts 
53% Sand 
sandy loam 34%Silt 23 15 
10 13%Clay 
10%Sand 
silty clay loam 54%Silt 16 
36%Clay 
88%Sand 
sand 7%Silt 29 5 
2 8 5%Clay 
5%Sand 
silt loam 74% Silt 9 15 
21%Clay 
a Only those pairs that made some attempt to dig or burrow in at least one of the compartments were considered valid. In trial 1, 13 pairs 
were tested, but 3 pairs did not dig or burrow in either of the compartments. In trial 2, all 8 pairs tested were considered valid. 
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4~~-:t_s --~~i,~ 3 ~~~og~~~3.iS~~:£~~~ifg~:.J:~ ~o~~-~ Figur e 5 . Textures found suitable for Microtus pinetorum by Fisher 
percent sand andAnthony(1980). 
Figure 4 .. The percentages of clay (below0.002mm), silt(0.002 to 
0.05mm ) , and sand (0.0,5 to 2 .0mm) irt the basic soil textural classes. 
rBasedon USDA.SGS 1975 .J 
to be preferable because such soil would be easier to 
burrow through. Also, based on Fisher and Anthony 
0980), it is apparent that some gravel or other small 
coarse fragments are important in determining the 
suitability of the soil for Microtus pinetorum. 
Plate 1 shows the results of a trial comparing burrow-
ing preference for a sandy !oam versus a siity clay 
loam soil in Phase n of the project . Note the 3 burrow 
entrances in the sandy loam . No hurrow entrances are 
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present in the silty ciay loam. This "preference" ior 
sandier soils was the typical response throughou the 
laboratory trials . 
CONCLUSIONS 
The distribution of any organism is controlled by a 
number of factors including climate, topography and 
elevation, vegetative cover and food sources, the 
presence or absence of predators or competitors, and 
numerous direct and indirect effects of various soil 
properties . The_ northern pine vole ( Mic rot us pine-
.. 
~ ~ O ~ v ~ 0 
percent sand 
Figure 6. Textural ranges of soils in which pine voles were captured 
during Phase I of this study (in black). Also shewn is expansion of 
ranges suitable for pine voles based on particle size analyses of soils 
from sites with histary of pine vole problems and evidence of activity 
combined with the results of Phase II of this study. 
torum scalopsoides ) occurs from Virginia as far north 
as northern New York State and into New England , 
west into Iowa, and south to Kentucky . Figure 7 
illustrates that this and other subspecies occur 
throughout most of the eastern United States (Forbes 
1972; La Voie and Tietjen 1978). Within this range, 
Forbes (1972) observes that pine voles prefer hill-tops 
in orchards in hilly areas . In active apple orchards in 
the mid-Hudson area of New York State, populations 
have reached as high as 150 to 175 pine voles per acre 
(Forbes 1972). Horsfall (undat ed) reports that a 
normal expected maximum population, which is 
sufficient to cause serious damage, is around 50 or 60 
pine voles per acre. In orchards that have been 
abandoned 5 or more years. he found populations 
usually drop back to 4 to 6 voles per acre. 
Horsfall (undated) and Miller and Getz ( 1977) report 
that orchard ground cover influences the number of 
voles present as well as the damage they will do to 
fruit trees because the amounts and kinds of vegeta-
tion influence the amount of preferred food species 
available and because the s~rface vegetation influ-
ences the effectiveness of chemical control programs. 
Because of its fossorial habits , the pine vole has 
relatively few predators. In New York State its only 
serious natural predator is the short-tailed shrew, 
Blarina brevicauda (Benton 1955; Forbes 1972). In 
other areas of the country, Mustela rixosa, the least 
weasel, is a predator. Owls, skun ks, foxes, and 
Plate 1. Pine vole burrow entrances ,n the sandy loam filled com· 
partment of the animal chanber ( on le~ side of chamber). 
No burrow entrances or burrowing attempts can be seen in the 
compartment filled with a silty clay loam sample (on right side of 
chamber) even though animals could move freely between 
compartments. 
domestic cats and dogs may kill a few pine voles: 
however they probably do not exert any substantial 
pressure on the population (Forbes 1972). M. pennsyl-
uanicus and numerous other small rodents and insecti -
vores often utilize the same runways and may be 
important competitors (Benton 1955) . M. pennsyluan -
icus may be an especia lly significant competitor and 
may influence the distribution and population size of 
M. pinetorum (Gouriey and Richmond 1972: Smith 
1977) . 
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Numerous soi l properties apparently influence the 
suitability of a site for pine voles. Of primary 
importance are the amounts of humus and organic 
matter , and the soil texture . Apparently, higher 
amounts of humus and organic matter improve the 
conditions for burrowing . Pine vole burrows and 
runways (as well as those of meadow voles and shrews) 
are often observed in the layer of leaf litter, grass, 
humus, and loose soil at the surface of the ground . 
Also, organic matter is important because it influences 
drainage, aeration, moisture holding capacity, and 
Figure 7. Distribution ofMicrotus pil'U!torum (LaConte) in the Unit£d Stat£s, based on Forbes (1972). 
fertility. Soil texture influences many of the same 
properties . 
The literature is rich in recommendations for control-
ling pine voles as well as reports of the inadequacies of 
numerous control methods (Baldwin 1962; Byers and 
Young 1974, 1975, 1978a;Byers 1975a, 1975b, 1976 , 
1977, 1978a , 1978b, 1978c; Clark 1976; Caslick and 
Decker 1978, 1981 ; Culver 1980 ; Davis 1977; 
Fitzwater 1980 ; Khrianina 1979; Kandybin 1979; 
Hartgrove 1977 ; Hayes eta!. 1975; Horsfall 1972, 
undated; Libhy and Abrams 1966; Luttner 1977 : 
:V1erson and Byer s 1981; Petrella et al. 1975; Thomson 
1965; Webb and Horsfall 1967) . Control methods fall 
into 3 general cla sses : chemical , biological, and 
cultural/mechanical. A combination of a number of 
different types of control may provide a fourth, and 
probably most effective, method . Biological methods, 
including the introduction of rodent disease 
organisms, parasites , or predators. are largely in the 
research stages of development and are not yet ready 
for widespread use . Because of state and federal 
restrictions, ineffectiveness, bait shyness or 
resistance, or high costs, chemical control methods in 
most states are largely limited to zinc phosphide com-
pounds in a number of different formulations and bait 
application methods. A numher of •Jther compounds 
:l2-l 
including Chlorophacinone (Rozo!) and Diaphacinone 
(Ramik-Brown) as either ground sprays or bait formu-
lations have shown limited success in many orchards 
and have been granted label clearances in a number of 
states (Byers 1977). A number of new toxicants as well 
as new formulations and application methods are 
receiving considerable attention by many researchers 
(Byers 1977). 
Cultural and mechanical methods include: cultivation 
to destroy burrow systems, to eliminate vegetative 
cover and litter , and to increase the effectiveness of 
certain herbicides and rodenticides (Byers 1977); 
herbicides to either destroy all surface vegetation or to 
influence the type of vegetation present (Byers 1977; 
Horsfall undated); gravel "mulches" or other surface 
manipulations which destroy pine vole habitat or 
discourage pine vole activity; wire or plastic trunk 
guards; choice of orchard sites (those which are 
naturally less suitable for pine voles) ; fencing or other 
physical barriers ; good water management; and 
cleanup and removal of leaves, prunings, and grass 
clippings. 
MANAGEMENT IMPLICATIONS 
It is evident from this and other research that soils 
with significant amounts of sand are favored by pine 
voles as long as there is adequate structure and cohe-
siveness and soil moisture to allow burrowing and to 
prevent collapse of burrows under dry conditions . 
Thus an obvious , though not necessarily practical, 
method of reducing pine vole damage in orchards is to 
avoid those soils with textures most suitable for pine 
voles when establishing orchards. Another possibility 
is to use U .S.D .A. Soil Conservation Service soil 
survey maps to identify those areas that are most 
likely to have excessive pine vole damage and to 
concentrate control efforts in those areas. 
In finer textured soils or in poorly-drained sandy soils, 
organic matter accumulation and reduced decay of 
litter may improve burrowing conditions near the 
surface. This is in contrast with some authors' reports 
that pine voles are limited to moist, but well-drained 
soils (Miller and Getz 1969). However, it explains why 
pine voles have occasionally been caught in swamps 
and marshes (Hamilton 1938; Benton 1955) . It also 
explains why, under natural conditions, they are found 
only in forests with a heavy carpet of leaf litter and 
leaf mold (Benton 1955) . Deep humus is encouraged 
by poor drainage, thus tile drainage systems may 
make some orchards somewhat less suitable for pine 
voles in addition to improving apple growing 
conditions. 
The effectiveness of herbicides and cultivation for con-
trolling pine voles is also influenced by soil texture. 
The rates of herbicide application and the suitability of 
certain herbicides often depend on soil texture. Culti-
vation of sandy and loamy soils is usually easier than 
cultivation of clayey soils, as long as large stones are 
not overly abundant . The frequency of herbicide appli-
cation and cultivation is also dependent upon soil tex-
ture because of its effects on moisture holding capacity 
and fertility (Haynes 1980) . 
In addition to the direct effects of herbicides and culti-
vation on pine vole control, these practices are impor-
tant because of their influence on tree vigor and crop 
yields . Grasses beneath trees compete for both water 
and nutrients. Cultivation and herbicides reduce this 
competition and significantly increase production in 
many orchards (Haynes 1980) . On sandy soils this 
may be especially significant because such soils are 
often naturally droughty. During the summer 
months, when hot dry weather forces pine voles into 
the deeper parts of their burrow systems, trees are 
subject to water stress resulting from low rainfall and 
rapid transpiration . Also, these trees would be subject 
to additional water stress because of damage to the 
mot systems and interruption of the cambial water 
and nutrient transport pathways because of girdling . 
This indicates that pine vole control is especially criti-
cal in coarse textured soils both because such soils are 
naturally preferred by pine voles and because pine 
vole damage may more seriously stress trees growing 
in sandier soils. 
It is apparent that any herbicide or cultivation pro-
gram is not by itself sufficient to control pine voles . 
The objective of any cultural management technique is 
to alter the vole's habitat sufficiently so that the 
animals cannot exist in the environment immediately 
beneath the tree (Byers 1977) . Cultural management 
procedures should begin in May through July and 
should be followed up with another cultivation after 
harvest (Byers 1977). Such a program would 
discourage the buildup of high, damaging populations 
through the summer months. The second cultivation 
is extremely important because it destroys tunnel 
systems as well as dropped apples, and incorporates 
fallen leaves and ground cover, leaving the voles at a 
severe disadvantage with the long winter approachin 6 
(Byers 1977). However, it is nearly essential that 
chemical control methods be used with any cultural 
program . Ifno vegetation is present, hand baits are 
the only toxicants that will be effective, since ground 
spray toxicants must be ingested via the plant 
material eaten by pine voles (Byers 1977) . 
Another important influence of soil texture is its effect 
on soil structure . Throughout the temperate L" nited 
States, coarse and moderately coarse textured soils 
often have weak or moderate structure. Medium 
textured soils often have good structural character -
istics that improve their suitability for plant growth as 
well as for pine vole habitat. Structure is dependent 
on the presence of silts and clays and/or soil organic 
matter . Grass sods encourage earthworm activity 
which can create structural pores by burrowing 
through the soil (Haynes 1980). Grass roots exert a 
stabilizing influence on soil structure , partly through 
exudation of mucigels from roots and partly through 
polysaccharide gums produced by the microbial 
population enhanced by grass roots in the rhizosphere 
(Haynes 1980) . The growth of fungal and acti-
nomycete hyphae also improves structural stability 
(Haynes 1980) . In the short-term, the use of herbicides 
probably has little effect on the distribution of soil 
organic matter . However, if herbicides are used for 
more than a few years, natural consolidation and 
mechanical consolidation may result, especially in 
heavily trafficked areas , with a consequent denser 
packing of the surface soil accompanied by a slower 
mineralization of organic matter (Hayne s 1980 ; 
Byrnes et al. 198 ll. The result of long -term herbicide 
application is that soil has an increased bulk density 
and decreased total porosity with an accompany ing 
decrease in the volume of large air-filled pores 
(Haynes 1980) . This may reduce the suitability of the 
soil for pine voles, especially in marginal soils. 
However, infiltration is greatly reduced, unless 
surface cracking occurs, and, especially on fine sandy 
soils as well as on other textural classes, widespread 
erosion may occur on herbicide-treated hilly orchards 
unless preventive measures are taken (Hayne 19801. 
Cultivation of a grass sod usually results in a 
significant redistribution of organic matter down the 
prov.le resulting in a short-term loosening of soil clods 
and formation of inter-clod air spaces. Thus, in the 
short-run, bulk density is decreased and total porosity 
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is increased, improving structural characteristics 
(Haynse 1980) . Short-term cultivation may in fact 
improve the conditions for burrowing. This 
emphasizes the need for chemical control along with 
cultural practices. 
Long-term cultivation results in decreases in organic 
matter which, along with traffic compaction, may lead 
to degradation of aggregates, especially if cultivation 
is poorly timed. Crusts may form due to the impact 
forces of raindrops . Reduced water infiltration and 
impeded aeration result. Long-term cultivation of 
orchard soils will likely reduce rainfall penetration 
and increase surface runoff in comparison with 
grassed down treatments (Haynes 1980) . The break -
down in soil structure, which could occur in as short a 
time as a single season if cultivation or compaction 
occurs under adverse conditions (Byrnes et al. 1981), 
may decrease the suitability of soils for pine voles, 
especially in those soils whose textural characteristics 
make them only marginally suitable anyway . How-
ever, the breakdown of soil structure on cultivated 
hillside orchards can greatly accelerate soil erosion 
and the consequent loss of soil may expose tree roots to 
further damage by cultivation equipment (Haynes 
1980), though mulching or cover cropping might help 
reduce these hazards. 
The importance of soil structure in influencing soil 
productivity cannot be over-emphasized. In the esti-
mation of the author, long-term herbicide use or culti-
vation techniques are not suitable methods of pine vole 
control in most orchards because of their degrading 
effects on soil structure. 
Probably the most effective way to control pine voles is 
to establish a long-term rodent control program which 
takes into account the effects of soil texture on pine 
vole distribution, the effects of different kinds and 
amounts of vegetation on their activity, and the effects 
of different cultural control methods on pine voles and 
on the orchard itself. Such a program should include 
planned rotation of rodenticides to avoid build up of 
tolerance, bait shyness, or genetic resistance , and 
should include scheduled rotations of a variety of cul-
tural and mechanical control practices to take advan-
tage of their short term effects on both orchard produc-
tivity and reduction of quality pine vole habitat. Such 
a program , if properly planned and implemented, 
would keep the orchard habitat in a continual state of 
flux Under such conditions, pine vole activity should 
be greatly reduced since they would not have the 
opportunity to establish well developed burrow sys-
tems or large, potentially damaging populations. 
In conclusion, soil texture has a number of direct and 
indirect effects on the distribution of pine voles and on 
the severity of pine vole damage when they are present 
in an orchard . Orchard managers should study readily 
available soil maps of their orchards to determine 
where pine voles are likely to be present and are likely 
to cause the most damage . For the most cost-effe<.:tive 
controi, growers should concentrate their control 
efforts on tho se areas where damage is expected to be 
most severe . It is likely that the most effective control 
program would incorporate a variety of different 
cultural and chemical methods in a long-term, planned 
rotation of methods, keeping in mind the influences of 
soil texture and other soil properties, topography, and 
vegetation on the orchard agro-ecosystem . In any 
case, soil texture appears to be an important factor in 
the distribution of Microtus pinetorum in apple 
orchards of~ ew York State al though this research is 
not extensive enough to explain why pine vole 
problems are largely restricted to the Hudson Valley . 
The innovative and imaginative researcher or fruit 
grower may be able to take advantage of this 
relationship to develop a number of effective methods 
to control this destructive orchard pest. 
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